The Data Curation Profiles Toolkit (DCPT) emerged out of a Purdue University Libraries' 2004 initiative to engage in multidisciplinary research. It is a tool developed to assist librarians and other information professionals to conduct data interviews and identify the needs of researchers when managing, sharing, or curating their data. The DCPT has been widely adopted and applied in various contexts but its usability as a tool has not been formally assessed. To address this need, we have conducted a survey of users of the DCPT. The survey included quantitative measures of potential influencing factors of using the DCPT and its perceived usability (its usefulness as a tool and its ease of use). Open-ended questions about users' experiences with the DCPT were also included to better understand the strengths and weaknesses of the tool, as well as areas that could be improved. Factor analysis of the quantitative results and subsequent regression models revealed several underlying factors that affect the perceived usability of the DCPT.
Introduction
The Data Curation Profiles Toolkit (DCPT) emerged out of a Purdue University Libraries' 2004 initiative to engage in multidisciplinary research, and was created in 2010 as a resource for librarians to engage researchers in discussion about their data. Specifically, it is an interview protocol designed to capture information about a particular data set developed or managed by a researcher across its data lifecycle, exploring how the researcher and his or her lab are currently managing and working with the data set, and identifying what the researcher would like to do with the data. The output, a Data Curation Profile (DCP), is a document that represents data management and curation needs from the perspective of data producers using their own language. DCPs can be shared among the researchers, service providers and other stakeholders as a means of informing a plan of action.
Since its creation, we have been informally collecting and analysing data to understand how the DCPT is being employed by its intended users (i.e., librarians and information professionals), and more generally about how DCPT users are engaging with researchers around data. To better explore this issue, a formal and structured usability assessment of the toolkit became necessary. We expected the assessment to reveal significant underlying factors affecting users' perception and intention to use the DCPT, difficulties of using the toolkit, and areas in which the toolkit should be improved. To achieve this, we developed a questionnaire survey approach to the assessment, because the DCPT has a relatively large user base and it is difficult to observe how the toolkit is being used in real time. We applied factor analysis to narrow down the questionnaire items and identify their underlying factors. We also developed regression models to characterize how those factors affect the DCPT's perceived usability and users' intention to use the toolkit.
Background
We first describe how the DCPT was designed in order to explain our approach in assessing user experience with the tool. We then introduce the concept of perceived usability and discuss its utility for assessing the DCPT.
The Use of the Data Curation Profiles Toolkit
Using the DCPT to develop a DCP is a three-stage process (Witt, Carlson, Brandt & Cragin, 2009 ): preparation, interviews, and constructing the profile. In the preparation stage, the interviewer identifies the specific data set that will serve as the focus of the interview and selects modules of the DCPT to be included in the interview. In the next stage, the interviewer conducts the interview with the researcher, gathering information about their data, their practices with their data, and information about their needs. The final stage of the process involves transforming the information from the interview to sections of the DCP document. The user guide document of the DCPT explains the process for building a DCP.
The DCPT has been widely adopted and used by research librarians all over the world to help them connect with student and faculty researchers to learn more about doi:10.2218/ijdc.v10i1.344 their data management and curation needs. Notable uses of DCPs include Cornell's project to re-imagine the services offered through their DataSTaR repository (Wright et al., 2013 ) and Purdue's work to understand the needs of graduate students developing data in an agriculture field station (Carlson and Stowell-Bracke, 2013) . More recently, the DCPT was applied to digital dance preservation to explore its digital outputs and artist expectations (Brandt and Kim, 2014) . Completed DCPs can transcend the individual interaction between librarian and researcher and serve as a community resource for librarians seeking to understand researcher needs with data more generally and as a means to inform the development of data services. The Data Curation Profiles Directory 1 was launched in November of 2013 and provides access to a collection of published DCPs. In its first year, more than 4,000 copies of DCPs have been downloaded from the directory.
Previous studies have investigated the effectiveness of the DCPT. Carlson (2013) reported an increase in confidence in discussing data sharing, description and intellectual property among participants of workshops on using the DCPT, although participants noted the time and effort it took to develop a DCP as a barrier to its use. Participants in a symposium discussing the DCPT recognized the utility and impact of DCPT, and strongly suggested that it be enhanced to further facilitate data curation (i.e., archiving and preserving data at the end of a project) as opposed to data management, to further distinguish it from tools such as DMPonline or DMPTool (Brandt and Carlson, 2013) .
Perceived Usability
Perceived usability is the core concept of the Technology Acceptance Model (TAM) proposed by Davis (1989) , which has been widely used to investigate user adoption and acceptance of new technologies and systems. TAM proposes that two particular beliefs of perceived usability, perceived usefulness and perceived ease of use, are the primary drivers for technology and system acceptance. Perceived usefulness (PU) is "the degree to which a person believes that using a particular system would enhance his or her job performance" and perceived ease of use (PEOU) is "the degree to which a person believes that using a particular system would be free of effort" (Davis, Bagozzi and Warshaw, 1989; Davis, 1989) . PU and PEOU jointly affect a person's attitude toward using the system as well as further intentions to use the system, which then translates into actual system use (or not). PU and PEOU are affected by external variables, such as management support, participation in training, tool functionality, task characteristics, prior similar experience and relevant skills (Legris, Ingham and Collerette, 2003) .
TAM is an adaptation of the theory of reasoned action (Ajzen and Fishbein, 1980 ) and has been proven to be effective in explaining user behaviour in information system and tool implementation. The assessment of a software's or tool's perceived usability could be helpful in better understanding the determinants of a quality experience (Hassenzahl and Sandweg, 2004) . The amount of time required to use the DCPT makes one-and-one usability tests inappropriate. Furthermore, those usability tests tend to focus on a limited set of performance metrics, such as task success, time on task, errors, efficiency and ease of learning (Albert and Tullis, 2013) . It is hard to measure the DCPT in these metrics, as some interview questions of the DCPT may be skipped, while others may be extemporized. On the other hand, studies on PU and PEOU show that they can "predict a user's acceptance and actual usage of a system," which in turn can have "strong implications for IT designers, trainers, and stockholders, enabling them to better strategize their resources and emphases" (Zhang and Li, 2005) .
In this study, we extended TAM from technical systems or tools to assessing the DCPT since previous user feedback suggested that the toolkit's perceived usability is critical for its overall user experience and adoption. We used TAM as a basis to survey potential external factors that may affect the perceived usability of the DCPT, identify major categories of external factors, and then characterize the relationship between external factors, perceived usability, and intention to use the DCPT. The results will help understand critical factors affecting the perceived usability and adoption of the DCPT, making targeted training for user groups and deep customization of the toolkit for various scenarios possible. The methodology validated in this study could be useful for evaluating the utility of other tools used in the data management and curation area.
Methodology
We developed an initial pool of 28 possible questions covering potential influencers of the perceived usability of the DCPT (see Appendix 1) based on our experiences with the tool and previous user feedback. The questions covered the following areas: (1) experience in conducting interviews; (2) knowledge of data management issues; (3) current job responsibilities; (4) motivations and perceived time requirements in using the DCPT; (4) considerations of the format, complexity, and adaptability of the DCPT, and requirements placed on interviewees; and (5) user needs for training, support, and help documentation. The items were formatted into statements with five-point Likert scale (e.g., 'strongly disagree' to 'strongly agree', 'very short' to 'very long', or 'too simple' to 'too complex'). The perceived usability was measured by adapting the items in Davis (1989) , as shown in Appendix 2.
We included optional open-ended questions in the questionnaire to understand the reasoning behind respondents' answers to the Likert scale questions. The questions covered the difficulties and obstacles of using the DCPT, and areas that user liked and could be improved. After pilot tests of the questionnaire with librarians who have used the DCPT previously, we sent the questionnaire to 895 registered users of the DCPT website 2 in December 2013. Respondents were given a month of time to complete the questionnaire. We collected in total 221 responses (24.7% response rate), of which the majority are professional librarians with data management related responsibilities.
For data analysis, we first calculated descriptive statistics (min, max, mean, and standard deviation) of the ratings of questionnaire items to form an overview of the data. To identify the underlying factors that influence respondents' ratings of perceived usability and intention to use the DCPT, we conducted an exploratory factor analysis of the ratings in SAS 9.2. Exploratory. Factor analysis is a statistical method used to uncover the underlying structure of a relatively large set of measured variables (see Lattin, Carroll and Green, 2002) by extracting a small set of interpretable factors that can adequately explain the correlations among the measured variables. We then used the extracted factors as a basis to develop regression models and examined the relative weights of each factor affecting perceived usability and intention to use. Finally, we analyzed respondents' answers to the open-ended questions and related those responses to the quantitative analysis results. doi:10.2218/ijdc.v10i1.344 
Results

Factor Analysis
For the item statements that are in the opposite direction of other items (e.g., "The DCP Toolkit is rigid and inflexible to work with"), we reverted their responses by subtracting the original rating from six to make them consistent with responses to other items (i.e., "strongly disagree" means the lowest/worst rating and "strongly agree" means the highest/best). We conducted statistical tests and showed that the questionnaire items were reliable measures of respondents' perceptions and the ratings data were suitable for factor analysis. Details of those test results are reported in Appendix 3. Seven factors were extracted from the final factor analysis results and they accounted for 84.2% of the total variance. The result of factor pattern with loadings is shown in Appendix 4, with the entries higher than 0.5 in each row highlighted in grey. Factor 1 includes items about current job responsibilities, current data service situation, choosing needed modules, adjusting organization of modules, and adjusting questions of DCPT. These items are related to respondents' understanding of their data management service needs and how to apply DCPT in their own specific contexts. Therefore, we refer this factor as "Applicability". Factor 2 includes items that are related to time commitment of the process of applying the DCPT and creating DCPs. We refer Factor 2 as "Time". Factor 3 includes items that cover time requirement of learning DCPT and its complexity. We thus refer Factor 3 as "Complexity". Factor 4 combines two items that are related to the experience and skills of the interviewer conducting one-and-one interviews, and two items about publishing and sharing DCPs. This combination was probably due to the similar ratings of those questionnaire items from the respondents. We refer Factor 4 as "Experience and Share". Similarly, we refer to Factors 5, 6, and 7 as "Training and Help", "Extensibility", and "Interviewee Requirements" (see Appendix 4).
Regression
To reveal how the identified factors influence perceived usability, we conducted multivariate, stepwise regression analyses, using the means of item responses for each factor as independent variables and PU, PEOU, and intention to use as dependent variables. For the regression analysis with PU as the dependent variable, Factors 1 (Applicability), 4 (Experience and Share), and 5 (Training and Help) were in the final regression model (R Table  1 . These results show that PU, PEOU, and Intention to Use are all affected by Applicability combined with other different factors. The positive regression coefficients (β) of Applicability, Experience and Share, Training and Help, and Extensibility mean that respondents tended to rate higher PU, PEOU and Intention to Use with higher ratings of these factors. On the contrary, the Complexity and Interviewee Requirements have negative impact on PEOU; and Time and Complexity negatively affect intention to use. We also developed a regression model with PU and PEOU as independent variables and intention to use as the dependent variable. The model R 2 is 0.449, with F(218, 2) = 28.92 and p = 0.03. The estimated regression parameter (β) for perceived usefulness is 0.156 (F = 46.43, p < 0.0001). For perceived ease of use the estimated regression parameter (β) is 0.054 (F = 3.37, p = 0.07). This shows that both PU and PEOU positively affect the intention to use, with PU having the predominant influence.
Open-Ended Questions
We asked four open-ended questions on the survey to augment our understanding of the survey respondents' perceptions and use of the DCPT. The text of the questions and the number of responses received are as follows: We conducted an initial analysis of the content of responses to identify common themes and connections between them. We crafted a list of categorical codes based on the themes identified and assigned relevant codes to each response in a second analysis. Each response was independently reviewed by two of the authors, who then discussed the content of the response and came to consensus on which of the codes to assign. This process required two iterations. The two authors had 66.8% agreement on the initial coding and they reached 100% consensus on the final coding results. Many of the responses included more than one theme and were assigned multiple codes. A few were not substantive and did not receive a code. A complete list of the codes we developed is included in Appendix 5.
There were several themes that emerged in all four of the open-ended questions: the amount of time that is required to use the DCPT; the structure and format of the toolkit; alignment of the DCPT with the particular context, plans, or goals of the library; and the use of the DCPT as a means of engaging faculty and the library community. In particular, there was strong tension in the utility of the DCPT between the thoroughness of the toolkit and amount of time that is required to make use of it. This was illustrated by positive comments on the depth and completeness of the DCPT such as:
 'I like the depth of information it provides about data practices.'  '…[T]he questions are all there and you can choose which ones you need.'  'When I do use the toolkit, it is very thorough which makes it useful…'  'I think the step where you put together a narrative is very important… For me, that was the moment when the data management practices of the lab became a coherent story, rather than disconnected answers to questions. It helped me understand the motivations and key issues for the lab.'
These comments are in stark contrast from those who saw the thoroughness of the DCPT as requiring too much of an investment on their part or on the part of faculty:
 'Completing the DCP Toolkit to the point that it is truly useful to the data curation process requires a large amount of time on the part of the conductor and the interviewee. …it's a lot to expect.'  'I like the structure and the content, but using the full toolkit requires more time than I can usually devote to the average consultation.'
One element that appeared to exacerbate concern over the investment of time was that of the perceived alignment of the DCPT to current practices or intended development. Although the DCPT was recognized as an instrument that could readily be IJDC | Peer-Reviewed Paper doi:10.2218/ijdc.v10i1.344 Zhang, Zilinski, Brandt and Carlson | 55 applied to most situations by some, others felt that it fell outside of their particular interests or situations and therefore was not the right tool for them to apply. Others were not sure how they could apply what they learned from a DCP to their efforts:
 'The main challenge is to adapt the tool to my work scenarios.'  'It didn't fit well into the types of interactions that I have with researchers, whereas a shorter version might.'
 'I have read some data curation profiles, and I wonder how librarians and researchers make data management decisions based on the information collected by the worksheet. It would be helpful if there was discussion at the end of each profile of what actions were taken…'
The amount of time required and questions surrounding its application made it difficult for some to be able to articulate the value of using the DCPT to their faculty or to their colleagues in the library.
 'It was hard to rationalize the need for these interviews to busy researchers.'  'The biggest difficulty is meeting with a professor for two hours. Except during the summer, most faculty don't have that kind of time to spend on something when they don't see the value to themselves.'
 'Generating interest among librarians… to commit time to becoming familiar with and utilizing the toolkit when data management/curation does not comprise a significant portion of their responsibilities (yet).'
Several respondents mentioned the flexibility of the DCPT and that it could be modified to suit time constraints or a particular interest as one of its strengths. Some mentioned modifying the DCPT as a means of addressing concerns with issues of time commitment. Despite the ability to modify the DCPT, several respondents requested the development of a more compact "lite version". Other respondents would like to see offshoots of the toolkit that are more focused to a particular aspect or type of data or geared to a specific field. In considering how the DCPT could be further improved, several respondents voiced their support of creating an online version of the toolkit that would allow for greater flexibility and utility for interview preparation, interview data collection, and DCP creation.  'Adopt an XML format which will allow for changes to sections without need to re-publish the whole page. Subsections within each section can be added, subtracted, based on context and adaptation will be easier, as each institution has different reality.'
Outside the toolkit, a few respondents mentioned a desire to see more emphasis on a community of practice surrounding the creation and use of DCPs.
 'It would be extremely useful to be able to see a combined view of multiple DCPs… (i.e., look at an individual area or question across multiple DCPs, and allow for slicing and dicing by discipline, data type etc.).'
 '… I also like the idea of linking the DCP to trusted practices, such as the Data Seal of Approval, metadata schemas, curation standards, etc. Ideally there needs to be a suite of tools that helps in developing a collection policy, an archival policy, a curation program … and certification.'
Discussion
The questionnaire survey generated both quantitative and qualitative responses. Results of the factor analysis of the quantitative data showed a number of underlying factors that affect the perceived usability and users' intention to use the DCPT. These factors are the toolkit's applicability to particular contexts, time requirement, complexity, users' interview experience and willingness to share DCPs, training and help, extensibility, and requirements on interviewees.
The regression models showed that applicability, experience and share, as well as training and help are positive determinants of the DCPT's perceived usefulness; and the former two factors have higher weights than training and help. The DCPT's perceived ease of use is positively affected by its applicability to different contexts and negatively by its complexity and interviewee requirements; and the three factors have almost equal weights. Respondents' intention to use the DCPT is affected by its applicability, time requirement, training and help, and extensibility, with time requirement being the negative factor. The intention to use is largely affected by perceived usefulness with a regression coefficient about three times of perceived ease of use, which suggests that respondents consider the utility of DCPT more important than its ease of use. The regression models all have R 2 values around 0.5, which suggests that there could be other factors not covered by the questionnaire items affecting the DCPT's perceived usability and respondents' intention to use (e.g., awareness of alternative tools or methods, and perceived return on investment). The open-ended responses of our survey may provide some insights into additional factors unaccounted for in the regression models, but future studies could provide a more extensive examination of potential factors affecting users' perception and use of the DCPT.
The open-ended responses substantially matched results from the quantitative analysis and provided additional contextual information. The factor analysis showed that the DCPT's applicability to specific contexts is the prevailing determinant of its perceived usability and respondents' intention to use the DCPT. Corresponding to this, the majority of respondents mentioned adapting the toolkit to create questions for their own data service contexts and interview needs. Overall, respondents thought the DCPT is useful, mainly because: (1) the toolkit provides "a vocabulary and questions" for developing a data interview; (2) it provides a good "framework for thinking about how to approach consulting on data management issues"; and (3) the DCPs developed using the toolkit are relevant to ongoing data management work. These reasons summarize IJDC | Peer-Reviewed Paper doi:10.2218/ijdc.v10i1.344 Zhang, Zilinski, Brandt and Carlson | 57 users' evaluation of the DCPT's usefulness and provide directions for further improving the utility of the toolkit.
A major obstacle of using the DCPT is its time requirement. Conducting the data interview requires time commitment of the interviewees who are perceived as being very busy people. Preparing for the interview, transcribing the interview content and developing DCPs also require a considerable investment of time. The time requirement on both sides may make it difficult to scale up the effort of developing DCPs. Related to the time requirement, respondents had concerns about the learning needed to fully understand the process of applying the DCPT and the terminology in the toolkit that requires explanations of concepts during interviews. These concerns are also indicated by the complexity and interviewee requirements in the regression model of PEOU. However, the time factor is not significant in the regression model of PEOU (p = 0.064), which may be caused by insufficient number of responses for the regression analysis. A post-hoc sensitivity analysis showed that a sample size of at least 250 might be able to show the significance of the Time factor in the regression models.
Regarding how the DCPT could be improved, a lighter and more adjustable version with less time requirements was the priority. As mentioned, a possible approach to reducing time was to create an online application for setting up the DCP structure, recording interview information, and developing the DCP document. The online application may help address other suggestions about improving the structure and making the DCPT more adaptable. However, it is worth noting that the applicability and thus perceived usefulness of the DCPT are the most important determinants of users' intention to use. Future versions of the DCPT should continue improving its comprehensiveness and coverage of typical data management and curation scenarios in scientific research.
The regression models suggest that training and help are important for the DCPT's perceived usefulness and respondents' intention to use. Correspondingly, a number of open-ended responses requested additional help on different adaptations of the DCPT in data service, terminology, and how to transform the collected information into a complete DCP. While the interview experience and willingness to share results emerged in the factor analysis, it did not enter the regression models. This result suggests that most respondents feel they can understand the DCPT well enough to use it but would like support in adapting and customizing it for their own purposes.
Conclusion
The study's goal was to assess the usability of Data Curation Profiles Toolkit and identify factors that affect its perceived usability and users' intention to use the toolkit. We applied the Technology Acceptance Model in the assessment. With open-ended responses, the results have provided comprehensive information about users' perception, difficulties and expectations of the DCPT. This information will feed in to a recently awarded Institute of Museum and Library Services National Leadership Grant, "Enhancing the Data Curation Profiles to help Bridge the Gap between Researcher and Repository." With the grant, we will develop a more extensible and powerful DCPT for librarians and information professionals to connect with stakeholders seeking to deposit their data into a repository. Improving usability is key to the redesign, and perceptions uncovered in this study will be valuable as work progresses on the DCPT 2.0. This study also provided validation that our assessment approach could be used for the usability assessment of other tools in the data management field by revealing crucial factors that need to be addressed. Because of the exploratory nature of the study, we did not apply strict quantitative analyses, such as structural equation modelling. We also had limited numbers of open-ended responses, as the questions were optional to respondents. Future survey studies could collect more responses and develop different statistical models to offer additional assessment of the DCPT or other similar tools.
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Appendix 3 Tests Results for Factor Analysis of the Questionnaire Ratings Data
To check the reliability of responses across the items (i.e., whether those items measured the same set of underlying factors), the overall standardized Cronbach's coefficient was 0.79 and the lowest Cronbach's coefficient of the item responses is 0.76. These two numbers are greater than the suggested value of 0.70 given by Nunnally and Bernstein (1994) . This suggests that the questionnaire items are reliable measures of respondents' perception of factors affecting perceived usability and intention to use the DCPT. We performed a Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) test to check whether the raw data were suitable for factor analysis. The KMO test result is 0.518, which is higher than the acceptable exploratory research norm of 0.5 established by Nunnally and Bernstein (1994) . doi:10.2218/ijdc.v10i1.344 Appendix 4 
